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Abstract
Be dm,n a generic element in the infinite matrix D, with d1,n defined
as the nth prime number and, for any m > 1,
dm,n = |dm−1,n − dm−1,n+1| (1)
When n 6= 1, after the first few terms the columns in the matrix appear
to be constituted entirely by 0s and 2s. Here is reported a computation
over about 4.55 · 108 elements of D, which suggests a pseudo-random
distribution of these two values.
1 Introduction
Definition 1. Let dm,n be an element in the infinite matrix D, such as
d1,n = pn, (2)
where pn denotes the n
th prime number, and
dm,n = |dm−1,n − dm−1,n+1| (3)
In 1878, Proth [1] tried in vain to prove that dm,1 = 1 for every m ≥ 1.
This conjecture was reproposed in 1958 by Gilbreath [2] (hence it is known as
Gilbreath’s Conjecture). Kilgrove and Ralston (1959 [2]) checked the conjecture
for m < 63 419, and Odlyzko (1993 [3]) expanded the verification up to m ≈
3.4 · 1011. The vast majority of D’s entries is apparently equal to either 0 or
2. The results reported here encourage the supposition that the occurrences of
these two values have got pseudorandom properties.
All the programs written for this article were made in C. The computation
covered a total of 454 526 325 items of D, i.e., the ones for which
m+ n ≤ 30151 (4)
2 Preliminary considerations
2.1 Apparent confinement of values greater than 2
Some elements of D are shown in table 1. If m,n > 1, dm,n must be even; it is
also expected to be equal to 0 or 2 for a sufficiently large m.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
1 2 3 5 7 11 13 17 19 23 29 31 37 41 43 47 53 59 61 67 71 73 79 83
1 2 3 5 7 11 13 17 19 23 29 31 37 41 43 47 53 59 61 67 71 73 79 83
2 1 2 2 4 2 4 2 4 6 2 6 4 2 4 6 6 2 6 4 2 6 4 6
3 1 0 2 2 2 2 2 2 4 4 2 2 2 2 0 4 4 2 2 4 2 2 2
4 1 2 0 0 0 0 0 2 0 2 0 0 0 2 4 0 2 0 2 2 0 0 2
5 1 2 0 0 0 0 2 2 2 2 0 0 2 2 4 2 2 2 0 2 0 2 0
6 1 2 0 0 0 2 0 0 0 2 0 2 0 2 2 0 0 2 2 2 2 2 2
7 1 2 0 0 2 2 0 0 2 2 2 2 2 0 2 0 2 0 0 0 0 0 0
8 1 2 0 2 0 2 0 2 0 0 0 0 2 2 2 2 2 0 0 0 0 0 2
9 1 2 2 2 2 2 2 2 0 0 0 2 0 0 0 0 2 0 0 0 0 2 4
10 1 0 0 0 0 0 0 2 0 0 2 2 0 0 0 2 2 0 0 0 2 2 2
11 1 0 0 0 0 0 2 2 0 2 0 2 0 0 2 0 2 0 0 2 0 0 0
12 1 0 0 0 0 2 0 2 2 2 2 2 0 2 2 2 2 0 2 2 0 0 0
13 1 0 0 0 2 2 2 0 0 0 0 2 2 0 0 0 2 2 0 2 0 0 2
14 1 0 0 2 0 0 2 0 0 0 2 0 2 0 0 2 0 2 2 2 0 2 0
15 1 0 2 2 0 2 2 0 0 2 2 2 2 0 2 2 2 0 0 2 2 2 2
16 1 2 0 2 2 0 2 0 2 0 0 0 2 2 0 0 2 0 2 0 0 0 0
17 1 2 2 0 2 2 2 2 2 0 0 2 0 2 0 2 2 2 2 0 0 0 0
18 1 0 2 2 0 0 0 0 2 0 2 2 2 2 2 0 0 0 2 0 0 0 0
19 1 2 0 2 0 0 0 2 2 2 0 0 0 0 2 0 0 2 2 0 0 0 2
20 1 2 2 2 0 0 2 0 0 2 0 0 0 2 2 0 2 0 2 0 0 2 2
21 1 0 0 2 0 2 2 0 2 2 0 0 2 0 2 2 2 2 2 0 2 0 0
22 1 0 2 2 2 0 2 2 0 2 0 2 2 2 0 0 0 0 2 2 2 0 2
23 1 2 0 0 2 2 0 2 2 2 2 0 0 2 0 0 0 2 0 0 2 2 2
24 1 2 0 2 0 2 2 0 0 0 2 0 2 2 0 0 2 2 0 2 0 0 2
25 1 2 2 2 2 0 2 0 0 2 2 2 0 2 0 2 0 2 2 2 0 2 0
26 1 0 0 0 2 2 2 0 2 0 0 2 2 2 2 2 2 0 0 2 2 2 0
27 1 0 0 2 0 0 2 2 2 0 2 0 0 0 0 0 2 0 2 0 0 2 0
28 1 0 2 2 0 2 0 0 2 2 2 0 0 0 0 2 2 2 2 0 2 2 2
29 1 2 0 2 2 2 0 2 0 0 2 0 0 0 2 0 0 0 2 2 0 0 0
30 1 2 2 0 0 2 2 2 0 2 2 0 0 2 2 0 0 2 0 2 0 0 2
31 1 0 2 0 2 0 0 2 2 0 2 0 2 0 2 0 2 2 2 2 0 2 0
32 1 2 2 2 2 0 2 0 2 2 2 2 2 2 2 2 0 0 0 2 2 2 2
33 1 0 0 0 2 2 2 2 0 0 0 0 0 0 0 2 0 0 2 0 0 0 2
34 1 0 0 2 0 0 0 2 0 0 0 0 0 0 2 2 0 2 2 0 0 2 0
35 1 0 2 2 0 0 2 2 0 0 0 0 0 2 0 2 2 0 2 0 2 2 2
36 1 2 0 2 0 2 0 2 0 0 0 0 2 2 2 0 2 2 2 2 0 0 2
37 1 2 2 2 2 2 2 2 0 0 0 2 0 0 2 2 0 0 0 2 0 2 0
38 1 0 0 0 0 0 0 2 0 0 2 2 0 2 0 2 0 0 2 2 2 2 0
39 1 0 0 0 0 0 2 2 0 2 0 2 2 2 2 2 0 2 0 0 0 2 2
40 1 0 0 0 0 2 0 2 2 2 2 0 0 0 0 2 2 2 0 0 2 0 0
41 1 0 0 0 2 2 2 0 0 0 2 0 0 0 2 0 0 2 0 2 2 0 2
42 1 0 0 2 0 0 2 0 0 2 2 0 0 2 2 0 2 2 2 0 2 2 0
43 1 0 2 2 0 2 2 0 2 0 2 0 2 0 2 2 0 0 2 2 0 2 2
44 1 2 0 2 2 0 2 2 2 2 2 2 2 2 0 2 0 2 0 2 2 0 0
45 1 2 2 0 2 2 0 0 0 0 0 0 0 2 2 2 2 2 2 0 2 0 2
46 1 0 2 2 0 2 0 0 0 0 0 0 2 0 0 0 0 0 2 2 2 2 0
47 1 2 0 2 2 2 0 0 0 0 0 2 2 0 0 0 0 2 0 0 0 2 2
48 1 2 2 0 0 2 0 0 0 0 2 0 2 0 0 0 2 2 0 0 2 0 2
49 1 0 2 0 2 2 0 0 0 2 2 2 2 0 0 2 0 2 0 2 2 2 0
50 1 2 2 2 0 2 0 0 2 0 0 0 2 0 2 2 2 2 2 0 0 2 0
51 1 0 0 2 2 2 0 2 2 0 0 2 2 2 0 0 0 0 2 0 2 2 0
52 1 0 2 0 0 2 2 0 2 0 2 0 0 2 0 0 0 2 2 2 0 2 2
53 1 2 2 0 2 0 2 2 2 2 2 0 2 2 0 0 2 0 0 2 2 0 2
54 1 0 2 2 2 2 0 0 0 0 2 2 0 2 0 2 2 0 2 0 2 2 2
55 1 2 0 0 0 2 0 0 0 2 0 2 2 2 2 0 2 2 2 2 0 0 0
56 1 2 0 0 2 2 0 0 2 2 2 0 0 0 2 2 0 0 0 2 0 0 0
57 1 2 0 2 0 2 0 2 0 0 2 0 0 2 0 2 0 0 2 2 0 0 2
58 1 2 2 2 2 2 2 2 0 2 2 0 2 2 2 2 0 2 0 2 0 2 0
59 1 0 0 0 0 0 0 2 2 0 2 2 0 0 0 2 2 2 2 2 2 2 2
60 1 0 0 0 0 0 2 0 2 2 0 2 0 0 2 0 0 0 0 0 0 0 0
61 1 0 0 0 0 2 2 2 0 2 2 2 0 2 2 0 0 0 0 0 0 0 0
62 1 0 0 0 2 0 0 2 2 0 0 2 2 0 2 0 0 0 0 0 0 0 2
63 1 0 0 2 2 0 2 0 2 0 2 0 2 2 2 0 0 0 0 0 0 2 2
64 1 0 2 0 2 2 2 2 2 2 2 2 0 0 2 0 0 0 0 0 2 0 0
65 1 2 2 2 0 0 0 0 0 0 0 2 0 2 2 0 0 0 0 2 2 0 2
66 1 0 0 2 0 0 0 0 0 0 2 2 2 0 2 0 0 0 2 0 2 2 2
67 1 0 2 2 0 0 0 0 0 2 0 0 2 2 2 0 0 2 2 2 0 0 2
68 1 2 0 2 0 0 0 0 2 2 0 2 0 0 2 0 2 0 0 2 0 2 0
69 1 2 2 2 0 0 0 2 0 2 2 2 0 2 2 2 2 0 2 2 2 2 2
70 1 0 0 2 0 0 2 2 2 0 0 2 2 0 0 0 2 2 0 0 0 0 2
Table 1: Values of dm,n for m ≤ 70 and n ≤ 23
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Definition 2. Given a positive integer i, B(i) is the value k, if it exists, such
as
dk,i > 2 (5)
and
dm,i = 0 ∨ dm,i = 2 (6)
for any m > k.
A proof of the exitence of any B(n) would likely facilitate the validation
of Gilbreath’s conjecture. In the region of D here analyzed, however, no value
greater than 2 has been found with m > 69.
2.2 Conjectured values of B(n)
The first hypothetic values of B(n) are presented in table 2.
n B(n) n B(n) n B(n) n B(n) n B(n) n B(n)
1 - 46 6 91 3 136 5 181 12 226 2
2 1 47 7 92 3 137 13 182 13 227 2
3 1 48 2 93 3 138 11 183 13 228 3
4 2 49 1 94 3 139 11 184 13 229 2
5 1 50 2 95 4 140 9 185 13 230 3
6 2 51 9 96 4 141 9 186 5 231 8
7 1 52 8 97 4 142 12 187 6 232 10
8 2 53 5 98 15 143 12 188 5 233 7
9 3 54 5 99 14 144 12 189 9 234 7
10 3 55 5 100 9 145 12 190 8 235 6
11 2 56 8 101 9 146 12 191 2 236 5
12 2 57 8 102 9 147 9 192 2 237 4
13 1 58 10 103 9 148 9 193 4 238 4
14 2 59 9 104 9 149 9 194 2 239 5
15 5 60 11 105 8 150 8 195 2 240 3
16 3 61 10 106 7 151 9 196 4 241 3
17 3 62 5 107 11 152 9 197 5 242 6
18 2 63 5 108 8 153 9 198 2 243 2
19 2 64 6 109 8 154 9 199 5 244 2
20 3 65 3 110 8 155 9 200 11 245 7
21 2 66 10 111 8 156 9 201 11 246 8
22 2 67 8 112 8 157 9 202 11 247 5
23 9 68 8 113 7 158 9 203 13 248 9
24 9 69 1 114 6 159 9 204 14 249 7
25 9 70 2 115 8 160 9 205 13 250 7
26 10 71 2 116 1 161 7 206 13 251 2
27 5 72 2 117 2 162 10 207 12 252 3
28 5 73 2 118 4 163 2 208 12 253 1
29 5 74 2 119 10 164 2 209 11 254 7
30 6 75 2 120 13 165 5 210 10 255 6
31 2 76 2 121 12 166 4 211 12 256 6
32 7 77 8 122 2 167 5 212 14 257 13
33 6 78 7 123 2 168 5 213 13 258 9
34 4 79 6 124 2 169 2 214 13 259 9
35 4 80 6 125 2 170 12 215 13 260 9
36 2 81 5 126 2 171 11 216 15 261 13
37 2 82 4 127 2 172 14 217 15 262 11
38 2 83 3 128 2 173 13 218 9 263 17
39 6 84 2 129 2 174 12 219 8 264 16
40 5 85 2 130 2 175 16 220 8 265 15
41 10 86 2 131 8 176 15 221 8 266 14
42 9 87 6 132 7 177 20 222 12 267 13
43 8 88 6 133 6 178 12 223 12 268 12
44 8 89 4 134 6 179 12 224 2 269 12
45 7 90 7 135 6 180 12 225 1 270 11
Table 2: Supposed values of B(n) for n ≤ 270
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Table 3 and figure 1 show the overall distribution of the conjectured values
up to 30 050. The maximum power of 2 which divides k − 1 seemingly plays a
role in determining how many times B(n) = k.
1 40 13 1728 25 619 37 200 49 113 61 9
2 379 14 1079 26 162 38 59 50 9 62 4
3 464 15 1328 27 254 39 128 51 39 63 9
4 812 16 881 28 131 40 43 52 10 64 2
5 1424 17 1179 29 319 41 175 53 44 65 31
6 1821 18 590 30 104 42 25 54 12 66 3
7 2051 19 850 31 163 43 60 55 16 67 4
8 2064 20 420 32 98 44 28 56 5 68 0
9 2295 21 711 33 353 45 100 57 14 69 4
10 1838 22 284 34 84 46 20 58 4 ≥ 70 0
11 1874 23 451 35 152 47 48 59 8
12 1501 24 227 36 82 48 8 60 3
Table 3: Number of times in which the conjectured B(n) happens to be equal
to a given number, for n ≤ 30050
Figure 1: Distribution of B(n). γ1 ≈ 1.532; γ2 ≈ 1.050
2.3 Differences between consecutive B(n)
Provided that the supposed values above mentioned are correct, in our sam-
ple B(n) < B(n + 1) 11 428 times, B(n) = B(n + 1) 10 498 times and
B(n) > B(n+ 1) 8 123 times. Absolute frequencies of each possible difference
value are reported in table 4 and figures 2 and 3.
4
-68 0 -45 1 -22 9 1 2307 24 9 47 0
-67 0 -44 0 -21 15 2 1771 25 0 48 0
-66 0 -43 1 -20 11 3 1172 26 7 49 1
-65 0 -42 1 -19 12 4 815 27 5 50 0
-64 0 -41 0 -18 17 5 469 28 4 51 0
-63 0 -40 1 -17 16 6 377 29 6 52 0
-62 0 -39 1 -16 31 7 266 30 4 53 0
-61 0 -38 4 -15 25 8 202 31 0 54 0
-60 0 -37 3 -14 32 9 142 32 3 55 1
-59 0 -36 1 -13 31 10 118 33 1 56 0
-58 2 -35 1 -12 52 11 76 34 2 57 0
-57 0 -34 0 -11 61 12 78 35 2 58 0
-56 0 -33 5 -10 73 13 52 36 2 59 0
-55 2 -32 1 -9 97 14 49 37 1 60 0
-54 0 -31 5 -8 161 15 26 38 3 61 0
-53 0 -30 4 -7 203 16 30 39 4 62 0
-52 0 -29 5 -6 247 17 30 40 0 63 0
-51 1 -28 6 -5 423 18 15 41 2 64 0
-50 0 -27 6 -4 701 19 9 42 0 65 0
-49 0 -26 4 -3 1019 20 23 43 1 66 0
-48 1 -25 7 -2 2202 21 14 44 2 67 0
-47 0 -24 9 -1 5905 22 14 45 0 68 0
-46 1 -23 12 0 10498 23 8 46 0
Table 4: Number of times in which, supposedly, B(n+ 1)−B(n) takes a deter-
mined value, for n ≤ 30050
Figure 2: Distribution of the differences between consecutive values of B func-
tion. γ1 ≈ 7.654; γ2 ≈ 64.76
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Figure 3: Distribution of figure 2 in the central interval [−25,+25]. In this
range, γ1 ≈ 4.472 and γ2 ≈ 21.33.
3 Two-valued sequences in D
Here we are concerned with the region of D which contains entries dm,n such
that
m > B(n) (7)
Putatively, conditions 4 and 7 are simuoltaneosly fulfilled by 454 070 791 ele-
ments of D. Of these, 227 020 108 are zeros and 227 050 683 are twos.
Definition 3. An orizzontal sequence in D of lenght l is a sequence whose nth
term is given by dm,n+k, with m,n positive integers and 0 ≤ k < l.
Definition 4. A vertical sequence in D of lenght l is a sequence whose nth
term is given by dm+k,n, with m,n positive integers and 0 ≤ k < l.
Abundances of the 2l possible sequences in {0; 2}∗ of lenght l, both orizzontal
and vertical, are listed hereunder up to l = 6. Only sequences made of dm,n for
which exists no known dk,n > 2, k > m are taken into account.
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3.1 Sequences of lenght 2
3.1.1 Orizzontal sequences of lenght 2
Sequence Absolute frequency Percentage (6 s.f.)
00 113 495 530 24.9985 %
02 113 503 199 25.0002 %
20 113 498 664 24.9992 %
22 113 511 915 25.0021 %
Table 5: Vertical sequences with l = 2
3.1.2 Orizzontal sequences of lenght 2
Sequence Absolute frequency Percentage (6 s.f.)
00 113 497 370 24.9972 %
02 113 507 723 24.9995 %
20 113 515 298 25.0011 %
22 113 520 268 25.0022 %
Table 6: Orizzonatal sequences with l = 2
3.2 Sequences of lenght 3
3.2.1 Orizzontal sequences of lenght 3
Sequence Absolute frequency Percentage (6 s.f.)
000 56 735 185 12.4980 %
002 56 750 289 12.5013 %
020 56 747 553 12.5007 %
022 56 739 392 12.4989 %
200 56 748 814 12.5010 %
202 56 739 590 12.4990 %
220 56 737 491 12.4985 %
222 56 756 389 12.5027 %
Table 7: Orizzontal sequences with l = 3
3.2.2 Vertical sequences of lenght 3
Sequence Absolute frequency Percentage (6 s.f.)
000 56 736 545 12.4967 %
002 56 753 286 12.5004 %
020 56 756 042 12.5010 %
022 56 744 040 12.4984 %
200 56 758 993 12.5017 %
202 56 748 830 12.4995 %
220 56 749 197 12.4995 %
222 56 763 596 12.5027 %
Table 8: Vertical sequences with l = 3
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3.3 Sequences of lenght 4
3.3.1 Orizzontal sequences of lenght 4
Sequence Absolute frequency Percentage (6 s.f.)
0000 28 354 868 6.24689 %
0002 28 375 392 6.25141 %
0020 28 370 048 6.25023 %
0022 28 372 913 6.25086 %
0200 28 371 071 6.25045 %
0202 28 371 712 6.25060 %
0220 28 361 809 6.24841 %
0222 28 370 048 6.25023 %
2000 28 374 851 6.25129 %
2002 28 369 113 6.25002 %
2020 28 371 744 6.25060 %
2022 28 360 094 6.24804 %
2200 28 371 421 6.25053 %
2202 28 361 024 6.24824 %
2220 28 369 154 6.25003 %
2222 28 378 846 6.25217 %
Table 9: Orizzontal sequences with l = 4
3.3.2 Vertical sequences of lenght 4
Sequence Absolute frequency Percentage (6 s.f.)
0000 28 355 671 6.24601 %
0002 28 377 063 6.25072 %
0020 28 375 071 6.25029 %
0022 28 374 364 6.25013 %
0200 28 375 433 6.25037 %
0202 28 376 924 6.25069 %
0220 28 366 930 6.24849 %
0222 28 373 364 6.24991 %
2000 28 380 415 6.25146 %
2002 28 374 850 6.25024 %
2020 28 378 302 6.25100 %
2022 28 366 739 6.24845 %
2200 28 379 063 6.25116 %
2202 28 366 344 6.24836 %
2220 28 376 273 6.25055 %
2222 28 383 595 6.25216 %
Table 10: Vertical sequences with l = 4
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3.4 Sequences of lenght 5
3.4.1 Orizzontal sequences of lenght 5
Sequence Absolute frequency Percentage (6 s.f.)
00000 14 166 536 3.12137 %
00002 14 185 912 3.12564 %
00020 14 183 929 3.12520 %
00022 14 187 985 3.12609 %
00200 14 182 309 3.12484 %
00202 14 185 450 3.12554 %
00220 14 182 611 3.12491 %
00222 14 186 947 3.12587 %
02000 14 188 885 3.12629 %
02002 14 179 877 3.12431 %
02020 14 188 841 3.12628 %
02022 14 179 517 3.12423 %
02200 14 187 478 3.12598 %
02202 14 171 930 3.12256 %
02220 14 179 032 3.12412 %
02222 14 187 481 3.12598 %
20000 14 185 699 3.12559 %
20002 14 186 732 3.12582 %
20020 14 183 518 3.12511 %
20022 14 182 142 3.12481 %
20200 14 186 003 3.12566 %
20202 14 183 390 3.12508 %
20220 14 176 448 3.12355 %
20222 14 180 026 3.12434 %
22000 14 182 962 3.12499 %
22002 14 186 080 3.12567 %
22020 14 180 016 3.12434 %
22022 14 177 330 3.12375 %
22200 14 180 951 3.12454 %
22202 14 185 750 3.12560 %
22220 14 187 053 3.12589 %
22222 14 187 747 3.12604 %
Table 11: Orizzontal sequences with l = 5
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3.4.2 Vertical sequences of lenght 5
Sequence Absolute frequency Percentage (6 s.f.)
00000 14 166 969 3.12082 %
00002 14 186 785 3.12518 %
00020 14 185 922 3.12499 %
00022 14 189 193 3.12572 %
00200 14 184 821 3.12475 %
00202 14 188 416 3.12554 %
00220 14 184 965 3.12478 %
00222 14 187 563 3.12536 %
02000 14 191 647 3.12626 %
02002 14 181 907 3.12411 %
02020 14 192 188 3.12637 %
02022 14 182 859 3.12432 %
02200 14 190 442 3.12599 %
02202 14 174 602 3.12250 %
02220 14 182 003 3.12413 %
02222 14 189 527 3.12579 %
20000 14 188 591 3.12558 %
20002 14 189 930 3.12588 %
20020 14 188 467 3.12556 %
20022 14 184 480 3.12468 %
20200 14 189 368 3.12575 %
20202 14 187 083 3.12525 %
20220 14 180 534 3.12381 %
20222 14 184 295 3.12464 %
22000 14 186 756 3.12518 %
22002 14 190 458 3.12599 %
22020 14 183 398 3.12444 %
22022 14 181 035 3.12392 %
22200 14 185 857 3.12498 %
22202 14 188 512 3.12557 %
22220 14 191 090 3.12613 %
22222 14 190 611 3.12603 %
Table 12: Vertical sequences with l = 5
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3.5 Sequences of lenght 6
3.5.1 Orizzontal sequences of lenght 6
Sequence Absolute frequency Percentage (6 s.f.)
000000 7 075 353 1.55910 %
000002 7 089 941 1.56231 %
000020 7 092 765 1.56293 %
000022 7 091 446 1.56264 %
000200 7 089 677 1.56225 %
000202 7 093 181 1.56303 %
000220 7 092 454 1.56287 %
000222 7 093 932 1.56319 %
002000 7 096 709 1.56380 %
002002 7 084 511 1.56112 %
002020 7 094 638 1.56335 %
002022 7 089 230 1.56216 %
002200 7 096 453 1.56375 %
002202 7 084 995 1.56122 %
002220 7 087 401 1.56175 %
002222 7 097 854 1.56406 %
020000 7 093 715 1.56314 %
020002 7 093 980 1.56320 %
020020 7 089 308 1.56217 %
020022 7 088 950 1.56209 %
020200 7 096 149 1.56368 %
020202 7 091 517 1.56266 %
020220 7 089 293 1.56217 %
020222 7 088 600 1.56202 %
022000 7 093 531 1.56310 %
022002 7 092 793 1.56294 %
022020 7 086 632 1.56158 %
022022 7 083 610 1.56092 %
022200 7 087 464 1.56177 %
022202 7 090 423 1.56242 %
022220 7 090 612 1.56246 %
022222 7 095 092 1.56345 %
200000 7 089 887 1.56230 %
200002 7 094 666 1.56335 %
200020 7 089 844 1.56229 %
200022 7 095 213 1.56347 %
200200 7 091 371 1.56263 %
200202 7 090 963 1.56254 %
200220 7 088 860 1.56207 %
200222 7 091 653 1.56269 %
202000 7 090 842 1.56251 %
202002 7 093 984 1.56320 %
202020 7 092 827 1.56295 %
202022 7 088 939 1.56209 %
202200 7 089 729 1.56227 %
202202 7 085 533 1.56134 %
202220 7 090 215 1.56237 %
202222 7 088 133 1.56191 %
220000 7 090 520 1.56244 %
220002 7 091 269 1.56260 %
220020 7 092 821 1.56295 %
220022 7 091 613 1.56268 %
220200 7 088 511 1.56200 %
220202 7 090 389 1.56241 %
220220 7 085 669 1.56137 %
220222 7 089 866 1.56230 %
222000 7 087 976 1.56188 %
222002 7 091 801 1.56272 %
222020 7 091 891 1.56274 %
222022 7 092 080 1.56278 %
222200 7 092 019 1.56277 %
222202 7 093 790 1.56316 %
222220 7 094 900 1.56340 %
222222 7 090 896 1.56252 %
Table 13: Orizzontal sequences with l = 6
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3.5.2 Vertical sequences of lenght 6
Sequence Absolute frequency Percentage (6 s.f.)
000000 7 075 585 1.55877 %
000002 7 090 398 1.56204 %
000020 7 092 020 1.56239 %
000022 7 093 788 1.56278 %
000200 7 090 933 1.56215 %
000202 7 094 132 1.56286 %
000220 7 094 668 1.56298 %
000222 7 093 620 1.56275 %
002000 7 097 736 1.56365 %
002002 7 086 146 1.56110 %
002020 7 098 725 1.56387 %
002022 7 088 739 1.56167 %
002200 7 098 190 1.56375 %
002202 7 085 870 1.56104 %
002220 7 090 386 1.56203 %
002222 7 096 237 1.56332 %
020000 7 092 780 1.56256 %
020002 7 097 912 1.56369 %
020020 7 091 059 1.56218 %
020022 7 089 917 1.56193 %
020200 7 095 586 1.56318 %
020202 7 095 633 1.56319 %
020220 7 091 282 1.56223 %
020222 7 090 613 1.56208 %
022000 7 094 230 1.56288 %
022002 7 095 292 1.56311 %
022020 7 088 502 1.56162 %
022022 7 085 167 1.56088 %
022200 7 091 833 1.56235 %
022202 7 089 238 1.56178 %
022220 7 092 263 1.56245 %
022222 7 096 301 1.56334 %
200000 7 091 346 1.56225 %
200002 7 096 314 1.56334 %
200020 7 093 743 1.56277 %
200022 7 095 216 1.56310 %
200200 7 093 551 1.56273 %
200202 7 093 939 1.56282 %
200220 7 089 948 1.56194 %
200222 7 093 601 1.56274 %
202000 7 093 323 1.56268 %
202002 7 095 105 1.56307 %
202020 7 092 758 1.56256 %
202022 7 093 400 1.56270 %
202200 7 091 596 1.56230 %
202202 7 087 958 1.56150 %
202220 7 090 859 1.56214 %
202222 7 092 542 1.56251 %
220000 7 094 851 1.56302 %
220002 7 090 966 1.56216 %
220020 7 096 180 1.56331 %
220022 7 093 306 1.56268 %
220200 7 092 489 1.56250 %
220202 7 090 027 1.56195 %
220220 7 087 799 1.56146 %
220222 7 092 290 1.56245 %
222000 7 091 181 1.56221 %
222002 7 093 747 1.56277 %
222020 7 093 357 1.56269 %
222022 7 094 177 1.56287 %
222200 7 092 481 1.56250 %
222202 7 097 637 1.56363 %
222220 7 097 153 1.56352 %
222222 7 092 527 1.56251 %
Table 14: Vertical sequences with l = 6
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4 Comparison with the pseudorandomness hy-
pothesis
If the region of the matrix D satisfying equation 7 has got pseudo-random
characteristics, we should expect all the sequences of same lenght to be equally
likely. The 2l sequences of lenght l should appear with probability 2−l, therefore
with an absolute frequency n close to
E[n] = 2−lN (8)
, where N is the cumulative frequency of all the sequencies. The density of the
population of frequencies should reflect the binomial distribution
B(N, 2−l) (9)
The expected standard deviation is given by
σ′ =
√
2−lN(1− 2−l) = 2−l
√
(2l − 1)N (10)
Table 15 compares σ′ with the effective standard deviation σ of the collected
data. Apart from the case l = 1 -in which σ is calculated from only two values-,
σ and σ′ never differ by a factor grater than
√
2.
l Orientation N σ (6 s.f.) σ′ (6 s.f.) σ/σ′ (5 s.f.)
1 454070791 21619.8 10654.5 2.0292
2
Orizzontal 454009308 7125.23 9226.42 0.77226
Vertical 454040659 9968.18 9226.73 1.0804
3
Orizzontal 453954703 7451.53 7046.37 1.0575
Vertical 454010529 8600.20 7046.80 1.2204
4
Orizzontal 453904108 6371.66 5157.13 1.2355
Vertical 453980401 6838.03 5157.56 1.3258
5
Orizzontal 453856567 5019.11 3706.72 1.3541
Vertical 453950274 5204.61 3707.11 1.4040
6
Orizzontal 453810879 3617.03 2641.97 1.3691
Vertical 453920148 3696.80 2642.29 1.3991
Table 15: Expected and real standard deviations of samples
We can approximate, with a negligible error, the predicted distribution 9 to
the normal distribution
N (2−lN, (2−l − 2−2l)N) (11)
Therefore, we expect to find a number of frequencies ni < E[n] + xσ
′ (with
1 ≤ i ≤ 2l) approximately equal to
2lΦ(x) (12)
, where Φ is the cumulative distribution function of the standard normal dis-
tribution. Table 16 reports how many ni fall in a certain interval of deviation
from the mean E[n], measured in terms of σ′.
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Interval of deviation from the expected value
l Orientation (−∞,−2σ′) [−2σ′,−σ′) [−σ′, 0) [0, σ′) [σ′, 2σ′) [2σ′,+∞)
1 0 1 0 0 1 0
2
Orizzontal 0 0 2 1 1 0
Vertical 0 1 1 1 1 0
3
Orizzontal 0 1 3 3 1 0
Vertical 1 1 2 2 2 0
4
Orizzontal 1 3 0 9 3 0
Vertical 1 3 1 8 3 0
5
Orizzontal 2 3 9 9 9 0
Vertical 2 4 8 11 7 0
6
Orizzontal 4 7 19 19 11 4
Vertical 4 5 20 21 11 3
Table 16: Distribution of observed frequencies ni around the average value N/2
l
A χ2 test has been performed to confront data in table 16 with the hypoth-
esized distribution 11. Since there are several small values, Yates’ correction for
continuity [4] was applied. Thus, the χ2 statistic has been computed as
χ2 =
∑
−2≤j≤2; j→∞
(|Oj − 2lΦ(j)| − 0.5)2
2lΦ(j)
, Oj = #{ni : ni < E[n] + jσ′} (13)
Obtained values of χ2 are listed in table 17, togheter with the corresponding
p-value under the null hypothesis.
l Orientation χ2 (6 s.f.) Estimated p-value (5 s.f.)
1 5.14450 0.39851
2
Orizzontal 2.10121 0.83497
Vertical 2.10121 0.83497
3
Orizzontal 0.710874 0.98237
Vertical 0.710874 0.98237
4
Orizzontal 1.96188 0.85439
Vertical 1.21187 0.94373
5
Orizzontal 1.43792 0.92012
Vertical 1.07793 0.95604
6
Orizzontal 3.37179 0.64287
Vertical 3.33488 0.64851
Total 23.1649 0.99995
Table 17: Results of the χ2 test
The distribution of 0s and 2s in D seems reasonably presumable as pseudo-
random.
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